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BSCRIPT IONS

Introduction:  Nigeria’s Telecommunication Sector Data

SUBSCRIBER/TELEDENSITY DATA CONTRIBUTION(%) OF TELECOMS INDUSTRY TO GDP
2009 - 2020 Quarter 4 2018 - Quarter 3 2021

B Subscriptons M Teledensity(%)
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Fig. 4: Number of subscribers and teledensity of Nigeria between Fig. 5: Percentage(%) Contribution of Telecoms Industry to GDP

¢ Subscribers increase by 10.78% between December 2019 and December 2020 (19,901,904 Subscribers)
+» Teledensity increased from 96.76% to 107.18%
¢ GDP contribution increased from 10.60% in Q4 2019 to 12.45% in Q4 2020

+ 52,160 BTS and colocation towers in Nigeria
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Introduction: Renewable Energy Potential of Nigeria
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currently)
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Fig. 6: Map of Nigeria indicating the global solar radiation
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Objectives of the Study:

¢ Design an optimally-sized standalone hybrid power system using an existing load
information, to replace the current diesel generator system being used in a rural
telecommunication site in Nigeria

+»To analyse the savings in operational expenditure (OPEX) and the amount of green
house gas emissions curbed by using this hybrid system over the conventional diesel
generator that is being used currently.

¢ To build and simulate a dynamic model in MATLAB/Simulink based on the HOMER pro
sizing result to study the transient behaviour of the system under varying
environmental and load conditions.

¢ Design a low-cost Open Source SCADA System to monitor and measure relevant
parameters in the hybrid power system and perform supervisory control.
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Site
Description

Optimal Sizing of the Hybrid System:

Agbaja

Google Earth

Jun 5, 2020 12:22:02 ) \ p . \ = : Q_ it b o 7°53'10.19" N 6°48'56.89" E “elev 140/ft. eyelalt 16.92 mi
3 s =

Fig. 7: Physical and satellite image of site

*» Agbajaislocated on Lat. 7° 59’ N & Long. 6° 39’ E
** Only two seasons (Dry and Rainy Season)
¢ The people are predominantly farmers with no

grid power supply

Fig. 8: Site Elevation
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Optimal Sizing of the Hybrid System: Site Load
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15 'mins:interval over-a year x10 Fig. 10: Measured hourly load profile of the Site

Fig. 9: Measured Site load for 1 year
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Renewable Resources at the Site

Table 1: Monthly Average Solar Irradiance

Clearness Daily Radiation 35
Month Index kWh/m?/day —
Jan 0.631 5.77 N 3
Feb 0.598 5.84 = ..
Mar 0.553 5.71 e
Apr 0.517 5.42 = ..
May 0.499 5.13 R s
©
Jun 0.466 4.70 R
Jul 0.427 4.34
05
Aug 0.399 4.13
Sep 0.420 4.33 0
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
Oct 0.487 4.80 Month
Nov 0.585 5.40
Dec 0.628 5.59 Fig. 11: Monthly average wind speed data
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H O M E R p ro S I Z I n g Table 2: Specification of system components

‘Solar Photovoltaic
‘Model Number = CS6K-290MS

DC

‘Model ] EnerSys PowerSafe SBS 190F

Rating | 12V,190Ah

“Nominal capacity T 2,57 kwh

‘Roundtrip Efficiency ~ 97%

‘Throughput L 2,747.70 kwh

‘Costperunit . $400

‘Wind Turbine
‘Model | Bergey BWCXLI

Fig. 12: HOMER pro Schematics

*+DC coupled system

‘EnginesSRPM 0 2900 pm @ 5.5 kW

<+ DC diesel generator as back-up power [Hfidens ek

FCost T 84,400

V) vike.
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Key Simulation Constraints:
*» The lifetime of the overall system is 15 years.

s Nomimal_ discount and nfation rates are taken as 12% and 3%,
respectively, consistent with the country's current value.

¢ Capacity shortage is zero to ensure reliability.
s Abrupt load variation is accounted for by incorporating a 10% reserve.

¢ Load following (LF) dispatch strategy is adopted to harness the
renewable resources available to charge the battery
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Homer pro System Simulation Results

January Profile Daily Profile Seasonal Profile
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Metric Baseline Scaled Efficiency (Advanced)
) ) _ Average (kWh/day) 55.78 5578 Efficiency multiplier:
Time Step Size: 15 minutes
Average(kW) 232 232 Capltal cost (s).
Random Variability Peak (kW) 3.21 3.21 o
Day-to-day (%): 13.828 Load factor Bn Lifetime
Timestep (%): 7.371
Aaal Manbhe March Load Type: AC @ DC

Fig. 13: Load Profile of the site on HOMER Pro

1 II.I I ! II.l‘ l‘l :l I;l I

UNIVERSITY Design and Control of a Hybrid Power System for a Remote Telecommunication Facility in Nigeria @



Homer pro System Simulation Results

Simulation Results

System Architecture:

CanadianSolar All-Black CS6K-290MS (15.0 kW) HOMER Load Following
e g Autosize Genset (3.60 kW)

Cost Summary

Production

~ — CanadianSolar All-Black CS6K-290MS Emissions

EnerSys PowerSafe SBS 190F (6.00 st | Project Lifetime (15.00 years) Total NPC: $44342.73

Levelized COE: $0.2225

Operating Cost: $1,722.91

Cash Flow Compare Economics Electrical  Fuel Summary Autosize Genset Renewable Penetration EnerSys PowerSafe SBS 190F

kWh/yr | % Consumption kWh/yr | % Quantity kWh/yr| %
CanadianSolar All-Black CS6K-290MS = 23,213 91.5 AC Primary Load 0 0 Excess Electricity 4720 186
Autosize Genset 2,150 8.48 DC Primary Load 20,360 100 Unmet Electric Load 0 ]
Total 25,363 100 Deferrable Load 0 0 Capacity Shortage ] 0
<| " | » Total 20,360 100
Quantity Value | Units
Renewable Fraction 894 %
Max. Renew. Penetration 1,200 %
Monthly Electric Production
M Gen 35
B CS6K-290MS 2.5
£ 05
= -
0.5 -+
0 -

1lll!l|ll.l:lI;|I

Jan Feb Mar Apr May

Jun Jul Aug Sep Oct Nov Dec

Fig. 14: HOMER pro electrical summary for the system
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Homer pro System Simulation Results

Quantity Value| Units Quantity Value | Units | ° Quantity Value | Units
Batteries 240 aty. Autonomy 186 hr Average tnergy Cost U 3/kWh
String Size 400 batteries Storage Wear Cost 0.148  $/kWh Energy In 9978 kWh/yr
Strings in Parallel 6.00 strings Nominal Capacity 618  kWh |T Energy Out 9695 kWhiyr | =
Bus Voltage 480 V Usable Nominal Capacity 43.2 kWh Storage Depletion 167 kWh/yr
Lifetime Throughput 65,945 kWh Losses 300 kWhiyr
Expected Life 670  yr v Annual Throughput 9,844 kWh/yr ~
2
g 10
@
=)
g 0
o

. 100 %
' . 86 %
oy ,!.' d \ | 72%
| 'x*\ﬂlﬂvo\- \’ﬂ

58 %
44 9%
30 %

T |
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec |
Day of Yaar

§EELLEEE L

State Of Charge

Fig. 15: HOMER pro Battery summary for the system
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Homer pro System Simulation Results

~ - — 1 1 ~
O uantit Value < Wiantity 2 liie nite Yirantit 2liia nite
WUalitity valuc Vv > Uanuity valiuc v UalntiLy valuc VI

Hours of Operation 1,181 hrs/yr Electrical Production 2,150 kWh/yr Fuel Consumption 745 L
Number of Starts 125 startsfyr | _ Mean Electrical OQutput 182 kW Specific Fuel Consumption 0347 L/kWh
Operational Life 169 yr ] Minimum Electrical Output 0.900 kW Fuel Energy Input 7330 kWh/yr
Capacity Factor 682 % Maximum Electrical Qutput 2.80 kW Mean Electrical Efficiency 293 %
Fixed Generation Cost 0393 S$/hr

Marninal Generatinn Cnct N 1A5  S/WWh

Generator Power Output

3.0 kW

.

2.4 kW

1.8 kw

1.2 kW

Fig. 16: HOMER pro diesel generator summary for the system
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Cost Summary of the System

Table 3: Optimal configuration for different systems

Size of components Economic Parameters
Configuration(S) PV WT DG | Battery | Initial O&M NPC COE RF Diesel | Gen Hr.
(kW) | (kW) | (kW) | (Units) | Cost ($) | Cost ($) $) %) (%) | (L/yr) | (hr./yr.)
PV/Diesel/Battery 15 - 3.6 24 27,480 | 1,723 | 44,343 | 0.223 | 89.4 745 1,181
PV/Wind/Diesel 14 1 3.6 24 33,280 | 1,813 | 51,029 | 0.256 | 88.3 828 1,324
/Battery
PV/Diesel 5 - 3.6 - 7,880 5884 | 65,473 | 0.329 | 22.7 | 5475 | 8,760
Diesel/Battery - - 3.6 4 4,480 6,409 | 67,212 | 0.337 0 6,072 | 6,094
Diesel only - - 3.6 - 2,880 6,636 | 67,829 | 0.340 0 6,568 | 8,760
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Cost Summary & Environmental Impact

Table 4: Emissions comparison between the winning

-:“’I[“e"”e”‘ 320,000 and base configuration
Saivage Emissions (kg/yr.)  PV/diesel/battery  Diesel
Operating 10000
M Capital
“ Carbon Dioxide 1,950 17,192
(COy)
-$10000 Carbon Monoxide 12.3 108
(CO)
20,000
Unburned 0.536 0.657
-$30,000 | Hydrocarbons
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
Sulfur Dioxide (SO,) 4.78 42.1

Fig. 17: Cash flow of the Proposed system

o2 0 i
: 89.4% renewabl.e pen_etratlon | Nitrogen Oxides s 107
¢ 75% cost reduction with less environmental (NO,)

impact.
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Dynamlc MOdeIIng & SImUIatlon Table 5: Photovoltaicmodeling cellparameters
SOIar PhOtOVOItaIC I'= Nplpn — Nplpy — Nplpz — Isn 1)

Photocurrent

I
W Lyn = [Ise + Ki(T = Trer)]G/1000 ) _ (s)olar Irradiance W;m
A Output current
( Yy
R i V_IRs _ Band gap energy 13eV
el In B s () SW Current through diode 1 A
e = 1oL emim | () N cwentovoundode
Iph 1!01 1!02 l Rep Vv Current through diode 2 A
v R Series res!stance Q
q(NS Np) R Shunt resistance Q
Ip; = Igl e n2kT-1 | 4 Reverse Saturation current A
Fig. 18: Two-diode solar PV equivalent circuit model BN shuntcurrent A
lse Short circuit current A
N
. [ = NLSU+IRS 5 Isp, Shunt current A
2 lede mOdeI Of PV Ce” sh- = Ry, (5) Boltzmann constant 1.38x 10722 J/K
f f Temperature coefficient of current A/°C
offers: qEg <ﬁ_%) Ideality factor of diode 1 1
T _“\ref 7/ - .
I, = I (—)3% n (6) P2 (deality factor of diode 2 1
% Better accuracy ST M Efectron charge 162107
Temperature of Solar cell °C

Temperature reference of cell °C
Open circuit Voltage v
Number of parallel connected cell N
Number of series connected cell

UNIVERSITY Design and Control of a Hybrid Power System for a Remote Telecommunication Facility in Nigeria ( 18/47

< Better ideality factor bs = v Y

e\NskT




Dynamic Modeling & Simulation
Solar Photovoltaic T Array ty: Canadian Solar in. CS6K 29015,

250 i 4 ser!es mo'dules; '13 par‘allel st‘rlngs . 4 series modules; 13 parallel strings
150
Table 6: Technical Specification of the selected Solar Panel _ | -
- = 100
Model Number CSBK-290MS I L5 foseum
Nominal Maximum Power (Pyay) 290 Watts o 0.1 kwim?
0 20 40 60 80 100 % 20 40 60 80 100
Optimum Operating Voltage (Vmp) 32.10 Volts Voltage (V) Voltage (V)
15000
Optimum Operating Current (Imp) 9.05 Amps 15000
Open Circuit Voltage (Voc) 39.30 Volts % 1000 £ 10000
% § _——P0S kWAN?
Short Circuit Current (Isc) 9.67 Amps & 500 £ 5000 - \
Module Efficiency 17.72% 00/ A e e Ioo 130 a0 Teo 0 m BT e i;ﬂﬁ:" b
. Voltage (V) Voltage (V)
Maximum System Voltage 1000 V (IEC) ) ) )
(a) Varying temperature (b) Varying Irradiance
Temperature Coefficient (Pmax) -0.39%/°C _ _ ] )
Fig. 19: I-V and P-V curves for varying temperature and irradiance
Temperature Coefficient (Voc) -0.30%/°C
Temperature Coefficient (Isc) 0.053%/°C 0:0 PV array S|Ze Of 15 kW
Nominal Operating Cell Temperature 45+2°C
. . . .
Manufacturer Canadian Solar ¢ 4 panels in series and 13 panels in parallel

1 ll.i I ! lI.l l.l :I I_l I
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Dynamic Modeling & Simulation
Maximum Power Point Tracking (MPPT)

| Read Vuin). fin) |

Input Power Output DC Power
solar Array DC/DC converter »| DC Load v
,.—J dlp= Ipu(n) - Ipu(n-1)
E— dVp= Vpu(n) - Vpu(n-1)
C_ontrol :
Measured Signal
V.I

Yes

o MPPT Control
- Algorithm

Fig. 20: MPPT schematic block.

Yes

A dlp=0?
Ppy df)pv
Pripr A
dP raA %
2 =0
dVpv
A y
v > Vr\' = Vn
Varer Vey ‘ : :
Fig. 21: Incremental conductance characteristic Fig. 22: Incremental Conductance algorithm flowchart
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Dynamic Modeling & Simulation

D C' D C CO nve rte I Table 7: Buck Converter Design parameters
L L lout Vin_min = 48.0V Vin max = 128.0V Vin = 128.0V
4 lH Input
— Vout = 48.0V lout = 314.17A f = 5.0kHz
Vin T L] Result L = 53.60uH AILfOr Vin_max = 125.67A
Vs
. o
Fig. 23: Buck Converter Circuit. 128.0v i
Vour = Vi, ¥ D (8) TR RS EEEEEREREE SRR SRR EREE vout
75.68us 200.0us 275.68us 400.0us
(1-D)R
Lpin = (9) L
2f 377.0141 - - e ¥OR —
% L.,in, minimum inductance required for continuous 2513341 N
operation
¢ D is the duty cycle calculated at minimum input voltage
. . . . 75.68us Z200.0us 275.68us 400.0us
** R is the maximum load resistance
% fis the switching frequency Fig. 24: Output Voltage and Current responses of the Buck
Converter at MPP Voltage

] ll.i I ! lI.l l.l :I I_l I
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Dynamic Modeling & Simulation

Battery Storage System
The charging, discharging and the SOC of the battery can be modeled as
follows ~
"a Block Parameters: Battery X
_ __KQi*  KQit _1 A 1 Battery (mask) (link)
Echarge - EO i+ +0.1Q Q— it * Laplace <S/Bi 1 '5') (10) Implements a generic battery model for most popular battery types.
t Temperature and aging (due to cycling) effects can be specified for
KQi* KOi, ) Lithium-Ion battery type.
Edischarge = ko Q—it B Q—i * Laplace <S/Bit+1 O) (11) Parameters  Discharge
, Type: Lead-Acid v
SOC = 100 = (1 +] ‘fdt) 12 , ~
Nominal voltage (V) |48
Where E is constant voltage V, Q is the maximum Rated capacty () [1140_
battery capacity in Ah, K is the polarization constant in fital sate-orcharge (%) 172
Ah™1, i, is extracted battery capacity Ah, i* is the low Battery response time (s) |1

frequency current dynamics in A, B is exponential
capacity (Ah)~1 and A is the exponential voltage in V

Fig. 25: Battery initial parameters for simulation
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Dynamic Modeling & Simulation
Battery Storage System

Nominal Current Discharge Characteristic at 0.2C (228A)

55 Discharge curve | ]
JNominal area

8\ so} [ JExponential area
Sas —
o
>

40

35 \

0 200 400 600 800 1000 1200 1400 1600 1800

Ampere-hour (Ah)

EO = 49.0933, R = 0.00042105, K = 0.001254, A = 3.2658, B = 0.78947
55} 10A
- 20 A
gsob _ 40 A
= - m——
g 45 ‘“\\
N
40 \
0 200 400 600 800 1000 1200 1400 1600 1800

Ampere-hour (Ah)

(a) Capacity characteristics
Fig. 26: Battery discharge characteristics

48

V_Ref

PI_Bat.1

Nominal Current Discharge Characteristic at 0.2C (228A)

Discharge curve |7

%SD
8as T
S
>

40

35 . H A

0 1 2 3 4 5

[____INominal area
Exponential area |

L
6 7 8

78947

Time (hours)
EO = 49.0933, R = 0.00042105, K = 0.001254, A = 3.2658, B = 0.
55} 10A]A
20 A
40 A
%50 L_L__TH_ 1
P T T——
g N
40 “"‘ \
v [N [ ]
0 20 40 60 80 100 120 140 160 180
Time (hours)

(b) Time Characteristics

Fig. 28: Charge controller topology for the Battery

<Voltage (V>

Fig. 27: Model of battery subsystem in Simulink

[V vikeN
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Dynamic Modeling & Simulation
Diesel Generator System : PMSG

di 1 f- L

S L Va = la + 1 POm (13)

dig _ 1 R Lg . Apwnm

T Vg L ig + —pwnlig L (14)
3 14 .

T, = Ep[/llq + (Lg — Lq)ldlq] (15)

Table 8: PMSG Parameters

Ly g-axis and d-axis inductances of the generator (H)
R Resistance of the stator windings (Q)

i ig  g-axis and d-axis currents (A)

V4 (-axis and d-axis voltages (V)

W, Angular velocity of the rotor (rad/s)

A Amplitude of the flux induced by the permanent magnets of
the rotor in the stator phases

p Number of pole pairs
T, Electromagnetic torque (N.m)

IG‘IN!.‘\;IE'!‘S“. '%IYI Design and Control of a Hybrid Power System for a Remote Telecommunication Facility in Nigeri 24/47



Dynamic Modeling & Simulation ==,

SOC Ref. = 45%

Diesel Generator System: Simulink . .

h 4

Measure the
battery SOC

Torque from Diesel Engine

Yes

=3
]
e

AL || )

45% = SOC =
95%

DG still ON }

Fig. 29: Diesel Generator and Rectifier System [ DG OFF ]

Fig. 30: Generator Control logic
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Dynamic Modeling & Simulation
Simulink Model

Simulated at

= Peak load of 3.2
N kKW @ 48V bus,
Load resistor
- value, 0.72Q
. BATTERY

DG -

MPPT Controller Scope Diesel Generator Charge controller

Fig. 31: Model of the hybrid system in Simulink

vikeN
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Dynamic Modeling & Simulation

Results

PV Outpul Voltage (V)
T T T

100}-

A
g
T 1171

PV Output Current (A)
T T

o
T

'r_J

1 ' Il Il

T T |

Buck Converter Output Current (A)
T T T

r 11T

—

i " i L

| I -

DC Bus Voltage (V)
T T

T T

0
rTrrT

1 L
- Y

1 1
A5

P11l

Fig. 32: PV voltage, Current, buck converter current and DC bus voltage
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(a) Solar Irradiance, PV output power
& SOC of battery

T
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(b) Battery current, SOC &
DC bus voltage

Fig. 33: Solar Irradiance, PV output power SOC of battery, current, DC bus voltage
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Dynamic Modeling & Simulation

Results

Z

o j | | T ', ', '. _Z load is constant at 66.7 A at
— - | a bus voltage of 48 V.

I T -

DG Power Output (W)
T

Time (seconds)

Fig. 35: Rectified diesel generator output current and power
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Dynamic Modeling & Simulation
Results

Load Current (A)

000 Battery Current (A) T T T T T T T T T T
— T T T T T T T T T T 120_ | | i
L a00 T Sl - I
§200 1= t 80k ] i
8 0 A a A i i k_i_ | r g 60 A f\ -

O 4k | | | | | | | | | il
State of Charge (SOC) 20 I I ] | | J ] | J
44,904 T A\l T Y Y Y
Load Power (W)
| | | | | | | |
Am- 4 . -
<6000 L
e — S N
Oultput DC Bus Voltage VS Reference Voltage g
; 100 T T T T T T T T T 0.2000' + 4 4 ! i ! 4 + 4 -
gl 0 | | | | | 1 | | | L
- o~ 7N 05 1 15 2 25 3 38 4 45 5
g o A A A A A A A A A A Tlme (%mndS)
0.5 1 1.5 2 25 3 3.5 4 4.5 5
Time (seconds)
Fig. 36: Battery charging current, SOC and output DC voltage due to diesel generator Fig. 37: Output current and power due to diesel generator
Negative battery current indicates charging The current absorbed by the load is 66.7 A
same as PV

vikeN
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Low-Cost Open Source SCADA system Design

Motivation

+» Critical Nature of Operations

¢ High Cost of Proprietary SCADA System

Objective:
To Design an open-source, Low-cost SCADA system to
monitor and control a remote base transceiver station.
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Low-Cost Open Source SCADA system Design
Base Transceiver Station Design Overview

Vo b Temp. p,

R I

Vey «—oo_ Power — Ve
Management
IPV' -— S t —_ IG
\_ ystem V, - Load Voltage
l l l l I, - Load current
P_ - Load power
ls Vs Hum. P Vg - Diesel generator voltage

I - Diesel generator current
Pg - Diesel Generator power
V; - Battery Voltage

S S lg - Battery Current

3 |Vey ’ ’// Ve, — Solar PV Voltage

MPPT lpv — Solar P‘V (_:urnent
Solar PV Hum. = Humidity
DC-DC Converter DC Load Temp_—TemPerature
Ik CB CB — Circuit Breaker
-]
Ve
=4

DC Diesel Gen.
Fig. 38: Hybrid power system
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loT-based SCADA

] Field Instrument Devices (FIDs)
Su perVISe ==== . Sensors and Actuators connected to the system

4

Remote Terminal Devices (RTUS)

Control | | | | |
Microprocessor based device that monitors and controls field devices
& 4

Data Communication Network
Connect the remote terminal units (RTUs) with the SCADA Master (MTU)

¥

C .. Master Terminal Unit (MTU)
AcCquiSItioN =——)

Issues the Control commands to the Remote Terminal Unit
(RTUs), Gathers, store, process and display Data
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Schematic of the Proposed System

LEDs :

Current Sensor
EE——— — .

Voltage Sensor
—

Temp. & Hum. Sensor

ARDUINO ™=

IoT CLOUD

— |

Online Dashboard
Fig. 39: Schematic of the Proposed IoT SCADA system

[V vikeN )
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Components Description of the Proposed System
ESP32 — WROOM - 32 Module (RTU) < ESP32-WROOM-32 contains two low-power

Xtensa 32-bit LX6 microprocessors.

s 448 KB ROM for booting and core functions.

® ®
Fioe ] oo [ [ ANV o - I o\ @ e ¢ 520 KB on-chip SRAM
[ioc sy cros o gAVa il © s 2 o [EECEAVET o ci | Grios Juo o)
[aocio cross Vel © - ¢ - o [RCEAVY:: 50 [ Grioz [ v spHo
 Touchs JAoct affceios2 [ J: VOl © © Ego OV 22 is0 [ Griots J'vsei @ Juoicrs | o
ey oo B B N\ o rsam ¢ Wi-Fi: 802.11 b/g/n up to 150 Mbps
f20c2 9] criozs s SAVSOMM © :  sesesveven - : © [EECSAVED, ¥ Grio17 J U2 TX0]
ey ey e k) 7\ [ N N\ e e pm
HSPL ADC2 . j . GPIO2 JADC2 2f Hse1 wp X i - i
— sl H o\ EEEmeesmmmim < Security WPA/WPA2/WPA2-Enterprise/WPS
car—- N «—wED
Iy N——=" LFE 5l «—WEn
s IPv4, IPv6, SSL, TCP/UDP/HTTP/FTP/MQTT
BN rover BN Control B Adice BN ¢ BN so EN ’:’ Operatlng VOItage- 33V
BN oo BN v BN o oac SN uvwr A\, pwm

D -7
Fig. 40: Pinout configuration of ESP32-WROOM-32 microcontroller * Inpl'It VOItage' =12V
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Components Description of the Proposed System

Field Instrument Devices (FIDs)

Temperature and Humidity Sensor Voltage Sensor Module

SRS DHTI|

\ ‘ "| Temperature MCCEAN
S Sensor

ESP-WROOM-32 doit-esp-wroom-32-devkit

GND v hems !
adapter

Fig. 41: Connection between ESP32 and DHTI1 Fig. 42: Interfacing diagram of the voltage sensor with ESP32
+» Temperature range - 0°C to 50°C +» Voltage divider principle
s Humidity range — 20% to 90% ¢ Operating voltage 3.3-5.0V
+¢ Precision 1°C, 1% * Range 0-25V DC.
¢ Operating voltage 3-5.5V +» Connected in parallel
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Components Description of the Proposed System
ACS 712 Hall-Effect Current Sensor R,

Esp — e [ x Vee (16)

DC Load
- -

Vesp is the ESP32 voltage and V. is the sensor
input voltage.

Wi-Fi Router (Communication Link)

Fig. 43: ACS712 connection to ESP32 microcontroller «» Actiontec R3000 FibreOP router
< Works on the principle of Hall-Effect % Data transfer rate 1 Gbps over ethernet,
% 5VDC to power it % 2.3 Gbps over Wi-Fi

¢ ADC pins operate between 0-3.3V
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Setup Sketch Serial Monitor

Arduino loT Cloud Platform

N . 3 Variables m Device
¢ Creating Arduino loT Cloud Account and
Name ¥ Last Value Last Update ESP32_Board2
C I O u d P I an O Surent NaN 06 Oct 2021 13:33:38 IT[:fPE E?i;;;":'““ ©
float current; status: @ Offline
0:0 C reati n g a ¢ ‘Th i n g ” 0O H“m'd“{ NaN 06 Oct 2021 13:33:38 @ CJ-

D OverTemp_LED

¢ Connecting Devices to a Network

.:. Creati ng and Declari ng ClOUd VariabIeS b SysFtitge}r.n44 :Declared variables and device on Arduino loT Cloud
¢ Creating Sketches and Dashboard
° No associated device found <[> Open tull editor = n

¢ Installing Arduino Create Agent

Fig. 45: Web editor on Arduino IoT Cloud
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Hardware Design

(urrenl

----------------

. ; Fhh 57 b ] B
lED(l“d} .' ...lll.l.l-l.l' I::.:‘::..:-:::: ::_l - QVtosv

...................... DC/0C

f-‘m < B
\\m:\

Temperature & Green and Red LED
Humidity Sensor

ESP32
Microcontroller

Fig. 46: Experimental circuit setup for the IoT SCADA system prototype
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Hardware Design

ﬁ

Sensors read measured Data

+

Data viewed on Web Serial

Do you have Arduino
Account?

Create one

Port
Yes J'
_ Log measured Data to =
Login to Arduino loT Cloud Dashboard =

— L =

Create a "Thing™ & Add
Variables

v

Add Device(s) {ESP32}

i

Configure WiFi Network

1

Build Dashboard

¥

w
Open Web Editor and write codes l

Install and run Arduino Create

Agent
J, | Delay for 2 s l

Is Voltage <= 4 5V

Temperature = 23°C

Turn ON Green
LED

| ves

L

| Green LED OFF |

Is Voltage = 4.5V

RED LED OFF

~

Select Board and upload Codes |

Is Arduino loT Cloud
connected?

Fig. 47: Flowchart of the loT SCADA system solution
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Things  Dashboards  Devikes  Integratons  Templates

Hybrid Power System Dashboard
N .

Templates

Results

Integrations

Devices
vl

Things  Dashboards

Hybrid Power System Dashboard

W0 .
N )
”\_/\/J“‘

Voitage Senzor
=0 ECEE 1D 1H UVE )
. | \f\,m«,/\\j_\r/\_ww\f N | ot
’\A"\J\f\/\#'\ . ha T ‘
0.0 20z 4oOam 28500 80. 500 z.0a
Temgerpe lemsy Mymaity Saraor

Temperature Sensor
150 > EEDER e
W -
L \J

|

|

inst. Temperature in Cel nst. Humidity LED Voltage Control
Fig. 49: Temperature control of the system

()
0 100
Example Data
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LED Temp Control

Fig. 48: Dashboard showing the measured parameters
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Results

The SCADA system has the following features:
¢ loT based
¢ Low cost, low power, and open-source

** Supervisory Control

Table 9: List of components and cost

S/N Component(s) Quantity Price (USD)
1 ESP32 WROOM-32 1 13.85
2 9 V AC/DC power adapter 1 10.34
3 Breadboard Power Module 1 6.40
4 Current Sensor 1 4.76
5 Voltage Sensor 1 4.80
6 Temperature/Humidity Sensor 1 5.20
7 Arduino loT Cloud plan (Entry) per month N/A 2.99
8 Miscellaneous (Resistors, Breadboard, LEDs, N/A 40.00 _ _
wires, USB) Fig. 50: Mobile App
Total 88.34 USD

UNIVERSITY Design and Control of a Hybrid Power System for a Remote Telecommunication Facility in Nigeri 41/47



Summary and Conclusions

The research contributions of this study can be broadly summarized as follows:

¢ Accurate sizing of the hybrid system based on actual field data to power a BTS site
+»» Cost comparison between existing system and the proposed hybrid system

+»» Comparison of the environmental impact of the designed system to the existing one
+» Dynamic modeling and simulation of the system to study the transient behaviour

* Implementing a low-cost loT-based SCADA system for the designed hybrid system.
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Recommendations for future studies

¢ This study was done based on actual load data measurement from the site. Having this implemented on the
site to study the actual dynamics of the system will be a priority.

* The backup battery can be upgraded from the lead-acid battery to a lithium-ion battery to improve the
discharge rate for which lead-acid ideally cannot be discharged above 0.1C.

*» Designing a solar/wind/diesel/fuel cell system with a more renewable penetration for the site

+» Carry out similar studies for other locations and compare all the parameters to conclude what can be
adopted as the standard for a rural telecommunication site in Nigeria.

¢ Accurately compare the carbon emission of this studied system with the current one on site.

¢ Incorporate Email and text messages to the loT platform when any supervisory control is carried out
anywhere in the world.

¢ Investigate the integration of low power systems like LoRa to replace the Wi-Fi used as a communication
channel for the 10T SCADA.
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